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Steven C. Borgele 
Assistant Professor 
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University of Missouri -Columbia 
Introduction 
The monitoring and mapping of yield variations have captured the interest of many producers. 
The ability to monitor grain yield on-the-go and map the in-field variations for use in 
management decisions has come from a dream to near-reality. The paper and presentation will 
discuss the recent past, the present, and the near future of crop yield monitoring and mapping. 
An attempt to provide accurate, correct, and current information was made. However, some 
information may have changed and may be outdated. This paper is not an endorsement of the 
products or technologies. 
Data Acquisition 
Yield Sensors 
Two years ago there were no yield monitors on the U.S. market, 13 or more concepts were 
being tested. Presently several yield monitors are available (Table 1), with possibly 10 other 
concepts being examined. Other monitors such as cotton yield monitors are being developed 
(Wilkerson et al., 1994). Little independent bench testing work has been done to test the 
instantaneous accuracy of the commercial sensors, but researchers have indicated fairly good 
accuracy (within the manufacturers claims, most of the time) of cumulative yield measurements 
and wagon or truck weights. Perez-Munoz and Colvin (1994) have reported some laboratory 
and field testing of the Ag Leader Technology Yield Monitor 2000. 
Grain Moisture Sensors 
Three companies build four sensors that are available in the U.S. Two are continuous sensors, 
two collection chamber sample and measure sensors (Table 2) . Proper and careful location, 
mounting and installation of the sensors are critical for accurate, repeatable results. 
Location Sensors 
Global Positioning System (GPS) receivers and systems for agricultural use are readily 
available, and becoming more accurate and compact. Improved location accuracy (1-Sm) 
through Differential GPS (DGPS) from local base stations or base station networks are emerging 
in the market. The prices for GPS systems range from $300 to $150,000 depending on system 
accuracy and application. Listing of the equipment available would be impossible in this space. 
For a complete listing of sensors and systems available, contact GPS World for the Buyer's 
Guide issue, June 1994 and/ or a subscription. (Single issue price $12, subscription information, 
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phone 1-800-949-6525). To learn the fundamentals of GPS operation there are a variety of 
materials and seminars available. 
Accutrak Systems, Ltd. (306-584-0085) markets a tower-based location system that can be used 
for accurate location. The Canadian company claims its NGPS (Not GPS) system has a 15 em (6 
in.) accuracy. 
Data Collection and Integration 
Several of the U.S. grain yield monitoring systems have memory card slots or capabilities for 
data storage, to allow for remote location processing. Presently, we are accumulating grain 
flow, grain moisture, GPS location, ground speed, and operator controlled switch information 
in a notebook computer in the combine cab. Some preliminary processing occurs on the 
machine, but most processing is accomplished after field harvest. 
Next Steps 
Crop entry marker - Important in small grains and drilled crops. 
Swath width sensor - Will assist in determining grain transport dynamics. 
Data Manipulation and Analysis 
Data manipulation is very important. Last year, I questioned the ability to manipulate data on-
the-go for the development of yield maps. However, improvements have happened quickly, 
even the data for our use has improved, in terms of accuracy and the information available on-
the-go in-field. Presently, we get a visual display of the data, but a majority of our processing 
to insure quality data for use in further spatial analysis and GIS use comes after we leave the 
field. Higher quality, in-field yield mapping is coming more rapidly than expected. 
Combine Grain Transport Dynamics 
Many grain flow sensors measure the grain flow after it has been removed from the crop and 
has passed through the harvesting and cleaning mechanisms of the combine. The combine 
redistributes grain in the header, and throughout the machine and imposes transport delays. 
This redistribution can perhaps be modeled as a time delay plus a first-order redistribution. 
Time delays are combine and yield monitor location dependent. The development of simple 
redistribution models has been semi-successful. Therefore, our continuing work has been using 
a simple time delay of 12+ seconds. These delays present interesting challenges. Table 3 
illustrates distance traveled by a combine at various speeds. 
Discontinuities 
As ground speed changes, grain flow time-delayed measurements cause severe discontinuities 
in the data. As an example, a slowing of ground speed when the grain flow is heavy can cause 
a grain flow "spike" that is misleading in the yield information. Improved data acquisition 
software will trap errors and not display them until post-processing procedures have improved 
the available information. 
Interpolation - zeros and/or spikes. 
Methods need to be developed to manage and interpolate discontinuities. If the yield 
information changes dramatically in a very short distance, it is probably of little use for 
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management. On the other hand, it is important to present a true and accurate picture of the 
yield variation At present, the procedures to manage those data take human effort and are not 
automated. However, as mentioned above, improvements in data management, manipulation, 
and analysis are occurring quite rapidly. 
Extrapolation - Be cautious of the method used! 
The data management and mapping packages have various extrapolation techniques, that can 
cause major challenges for developing accurate yield maps. These extrapolation techniques, if 
not well understood, can show misleading results. 
Mapping Software 
Interpolation and extrapolation techniques affect map accuracy. Often presentation or 
mapping software do not indicate methods used for interpolation and extrapolation. Being 
unaware of the methods used, can cause severe problems in the data representation. Note that 
mapping packages are not necessarily Geographic Information Systems (GIS). GIS is a 
powerful tool capable of analyzing and interpreting multiple layers of spatial, mapped data. 
Your applications may not call for GIS capabilities today, but may in the future. 
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Table 1. Yield Monitors and Systems 
Yield Monitor Company Address Phone and Fax 
UNITED STATES 
Yield Monitor 200 Ag Leader Technology ph 515/232-5363 
1201 Airport Road fax 515/232-3595 
P.O. Box 2348 
Ames, lA 50010 
Grain-Trak Micro-Trak Systems, Inc. ph 800/257-3600 
Harvest-Yield P.O. 3699 fax 507/257-3001 
Mankato, MN 56002 
Gran-Daddy Acu-Grain ph BOO I 648-8007 
Box 2453 
Great Falls, MT 59403 
Local Yield Crop Technologies, Inc. ph 800/837-2767 
1811 Upland Drive 
Houston, TX 77043 
EUROPE 
Yieldometer ClaasOHG ph 49 52 47 12963 
Postfach 1140 fax 49 52 47 12925 
D-4834 Harsewinkel 
Germany 
Ceres 200 /Hermes RDS Technology, LTD. ph 453-834084 
Stroud Road Nailsworth fax 453-835521 
Gloucestershire, UK 
GL60BE 
Flow Control Dronningborg ph 4586425855 
Maskinfabrik fax 45 86 40 58 24 
Udbyhojvej 113, PO.Box 80 
DK-8900 Randers 
Denmark 
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Table 2. Grain Moisture Monitors 
Moisture Monitor Company Address Phone Number 
CONTINOUS 
Cal~U-Dri David Manufacturing Co ph 515/423-6182 
1600 12 Street N.E. 
Mason City, lA 50401 
Moisture Trac 3000 Shivvers, Inc. ph 515/872-1005 
614 W. English 
Corydon,IA 50060 
NON-CONTINOUS 
Moisture Trac 5010 Shivvers, Inc. ph 515/872-1005 
614 W. English 
Corydon,~ 50060 
Micro 4 Moisture Control Systems ph 502/685-6533 
316 E. Ninth Street 
Owensboro, KY 42303 
Table 3. Distance Traveled (ft) with Various Ground Speeds and Delay Times 
Delay 
10 sec 
12 sec 
14 sec 
3mph 
44ft 
53ft 
62ft 
Travel Speed 
4mph 
59ft 
70ft 
82ft 
6 
5mph 
73ft 
88ft 
103ft 
6mph 
88ft 
106ft 
123ft 
